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>:S?^ h®7&5. A l.Gai_.N (0<a<0. 1) 
Ga,..N {0<b<0. 1) ^^^^r^^J:ac 
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mmm i ] «±^c, ^^^^ < t h nmmitmmw 

Al.Gat.^N {0<a<0. 1 ) =£r^^r 
hS?!?^. A UGa,.BN (0 <b<0. \ ) ^^/vX- 
1 X 1 O^'-l X 1 0''/om'^^LXUi>Ct^^i 

CC. Al.Gax.eN (0<e<0. 3) ^^^T'^J:^^ 20 
>3?^ MfthCDreltC. AldGa..dN (0<d<0. 

wmttimm 1 -3cDi^rn:o^ i ^^ciBtscDaibigg 

[0 0 0 1 ] 

(LED) . u-'^'^'^t-h' (LD) . :*;Pimit!2. 

^f*^^ (I nxA lyGa._x-yN, O^X, 0 gY. x 
1) Ccr^O. t$fc. |S7lcf-^?gg;0^3 7 0 nm 

[0002] 

m^^t. mmm^. ne 8^. (199 

9) . p 1 52-p 1 5 5iC{i. y^rm^±.^C. 
GB^nJ^vVrm. nMGaNn>:§?>? hJi, n§SA 1 
GaN^5':;Kl, 7> I n G a NOi'Sliii ( I 
nffi^{'^tlct^c!:'■t2P) . pSA 1 GaN^-^'^ KH. 40 

pMGaN:3>^57h mtmm $ nr ^^^ti^^^f* 

g^f4:-f^^^ |S3bf-^;^)^3 7 1 nin<D±i'&te:(J^7tffl 
S^CL/c<i:tfC«nSSO'p§i3>a?^ Hji^^GaN-C 

i>ctmm^hx\.^i>. Etc. cofs^taj^cDiST^ 

SRO'p^r3>i>^ F-li;!:, A I G a N iT ^ C iT'g 
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[0003} 

l^r^tfA 1 GaNTiaSSif^i, SffiiCD^-^-;^ 
tD+i- VT*KDiifti>^/ce54)CcA l?r^^r;^J:^A l G 

#i^niyn.>^>7 hiJ^^CA 1 ^^OnS^^7 Kl^ 
^g^i^^i. n§^^^7 K.li'1^pi£:3>^.>7 hucc^ 

m'^bf£^nlklfpm::iy^'t^ Vm^. AlGaN^ib 
[0 0 0 4 } ^CT\ $^BJCDaWf'J. 
[0005} 

mm^m&kr^tc^<Dmk] en^, .^^iH^ti, Tie 

(1) - (4) O«)^^Ccfc0*#WSW^il^T'5C 
X. nmmtmthnm:^^^^ bm^K Al.Ga,., 

N(o<a<o. l)*^^-c^c^3. pmmim^mw 

mtbx: pmmtm^pm:=iy^^hmi)^. ai, 

Gax.bN (0<b<0. i) ^^A.xrj::bCt^W& 

(2) m^pm:=iy^^ hmi)^. pm^mm^ix i 
o^'-i X 1 /cm'^^Lxu^hc t^^mtr 
^mn^ ( 1 ) i.cim<Dmitm^mi^m^. 

(3) UiBn5a=2>5?^ nS:T:**fe^lxi 
O^^'-i.x 1 0''/cm't'nbXtii>ct^^^t'r 

asuiB ( 1 ) lamomitm^mim'iF'. 

(4) tJi3y£14)i<tn^n>^d7Hii<7:)^tc. Al 

,Ga,.eN (0<e<0. 3) ^^A^XU^Bm I omt 
^^mWMi'^L. Sfc. luiarStt^ipMn^:^^ h 
JicL<Dra^C. A 1 .Ga,_,N ( 0 < d< 0 . 4) ^^A. 

M2 ( 1 ) - ( 3 ) 0i^tnf)> 1 m^^cumomm^m 

[0 0 0 6 } oSD. *^BJi*, nMRZ^pm^y^^ 
hm^. ^ffSOA imJ:b^W1-?)A 1 GaNif 
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i7^g^S3!)^3 7 0 nmcfc0*?6ST*-:>T4>. 3 7 0nm 

aT<D^±i>^^<Dr:. ^ hm^A \ Ga.Nt't 10 

[0 00 7 ] Etc. :^f^mt. A 1 ?:^^'C^l:^p§y=^ 

>^^H3ii5. pmT-nmM!^i)K ixio^^-ixi 
ymt^. nm^mnms.-^. i x i o^'- 1 x i 

0^'/cm\ ^^U<«1 XI 0^*--l XI O^Vc 

[0 0 0 9 ] MCC, frflErSftJli n5^i3>^ 

VmtCDfii^C^ AUGa..eN(0<e<0. 3)^ 

•^A.'cfjih^Ko^im^mwm^mi.. sec B5ie?§ 

ttMi P^n>^:J? hJichCDrH^ti:. A ldGa,-dN (0 

<d<o. A) ^'^A.xtj:^m2(om\m'4M\m^m 

|fe)ttB;^f^±O^Sr»^bi\ Kit. Hi cDgfbJfei^zS 

{*jiRo'm2<Dg{t?^^^f*;ico^n^-n(DA i ^Mtfc 40 

[00 10] 
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S®I±^c. ^>'-^'7Tli2, AKGai.eN (0<a< 

0. 1 ) ^^^r^cC^nM:^>3?^ Hi3, AUGa 
i.,N (0<e<0. 3) ^:^^T:^c^:^nM^^-^ KB 
4. I nrGaa..N (0^ f <0. 1 ) (Z)rgttll 5 , A 

1, Ga,.,N (0<d<0. 4) ^^A,Xtj:^pm^ v 
K@6, A UGai.bN (0<b<0. 1 ) *^/vr 

?i^>pM:3>i?>7 hl7^aiJSft?itT?tO. ^Tfet' 
- i7ig:6:;:>i3 7 0 n m WTC0g{t1^54^^<*^^;?>^iBtg$ 
nri.^'So -eur. n^r?>^^> hH3i'C(Jnlig?5(?\ 

p §y n > j7 i> H ji 7 p ns^^^^-en-enj^fixs 

^ h^7CcocirifiiJi-r^. 
[0011] [ni^n>^>7 his] :$:|feHJ(c:ro%ir. 

N(0<a<0. \.^tL<{tO, 01<a<0. 0 

5) ^-^/vvrji^mitm^mi^mv^^. a imf^itf?^ 

mSit. n^^JlsfiJl^^l X 1 O^'-l X 1 O^'/c 
m\ ff^b< »1 X 1 O^'--! X 1 O''/cm*0?Sg 

t\^X{t. ^\il.W^m^U\^^i^. mUt. Si. Ge^ 

3cDJIi/f«. 1#icPM^$n^j:07:)^, 0. l-20Mm;^^ 

[00 12] [p^a>:$?^ h/i7] *IIBjtCfct>r. 
p§y:3>^^ hM7iOT{'i. 'PU< thAl.QB.,., 
N (0<b<0. l,Sf^L/<«0. 01<b<0. 0 
5) ^^/^.XU^mm^^MWmvh^. Aljffl^ht^i 

^1 X 1 O^'-l X 1 O^Vcm\ Sr*L<«5xi 
O^'-S X 1 0^ Vcra^0iigitr^WLri.^^i. 

>^?i^ Hi7(:DJ!i;it5:. IttcPlSJ n?:cCi;5?5, 0. 0 3 
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-0. b^mifimb<. ctDWSKBO. 1-0. 

[0013] ±iSCD<J:^CCiii?RO'pS::3>^^ hm<D 

[0014] Mcc, mcm't-m^ti^omm 

fife. ;^f:^;KM&Al,0.) CDir-^.m^^S^DS^cD 
{ft. S i C {6H. 4H, SC^^t^) . S i . Zn 
O, GaAs. GaN^0^2ii*Stg«rfflCi^Ci3i>5-c 

[0 0 15] [^^'^;;7Tl2] *lfeHJ^C4ol^r. ^^'•;;:7 
ym2tLX{t. Ga,A l^.oN (fBL&«0<g^ 1 

if^n^c /^'^;^:7T^2<DIi;l(■^, o. 002--0. 5 

i/m. *f^L<«0. 0 0 5--0. 2/im, MCC*t^L 
<ti0. 01-0. 0 2MmCDiBHtCgSST5» 
r^2CDMJfji>^±i2lGH-C*)'Si. MfM^^^f^cDSSa^e 
:tUiy-f)^^tttj:i') . ^^'-^7Tli2±^C^S$ii: 

ssaatj. 2 0 0-9 0 o'C"c«>o. sr*L/<tt4o 

0 8 0 0 'CODfEHtClf^T^o ;S:gi&Jg/^^±i3fQHT' 

[0 0 16] [nM::^>'^^Y-m3] ±n^<Onm^n^ 

[00 17] [nm^vv \'m4]^§^BM('Ci6l^X. n 

;fx;U+*-<i:f:):;^t< j^.rSiaiST'*0. i'SttlS-^O^i- 

SOl^*M<f:.l/r(*, AUGa,.«N (0<e<0. 
3, WSO<«0. l<e<0. 2) (D^><7)3i?^^Cf6n 
5. n^iJ^^vK^^^. CCDcfc^^cTA 1 GaN/^^.6^cCS 

^3:0. 0 1-0. 1/xraT'AO, j:0WSL<t^O. 0 
3-0. 06iimX$>i>o nMi^7 7 FlcDnS^tl 
it§{-Cfg^$n^cl^:^i. $?$L><{'S 1 XI 0^'- 
lxiO*Vcm^T'^>*3. <fcO»^U<ttlxi 0'» 
-1 X 1 o^Vcai'-C^>i>c ^iWtlilgAsccDiffiffir 



(4) 4$gg20 0 1 -24 22 3 

6 

[00 1 8] nS^7-^ Kl«. ±iH0<t 5 Sc*-1(D 
(0 ^h< 1) . A 1 iGaa.iN (0^ j < K e> 

j ) muhtii. mm^jfrntimommit. 

f)U 0 0^>^;^hD-At/,T. Htb<{tl Ot>^ 
y;hP--AWT. i:f)*tSU<(Jl 0--4 0^>^'7^ h 

$CiJl<DiJ^^:^<C< <5:felim:0^-:frtCnM:^*i6iB5^ F-7' 

[00 1,9] [?£ttli5] ^^B^CC:|dt^T. f§ttll5i 
ffi«cOa{b^^!I^^f*;!^^^tf 6n^o *t ^ b < I n r G 

a._rN (o^f<o. 1) (Dmm^m»i)mi 

30 Cf^bn. f?i]x(-^Jr*b<«0. 001-0. OlumX 
J:9S?*l/<»0. 00 3-0. 0 0 7ium-C* 

tC, ±IBI nrGa,.,N^#F/iiLT. CCD#FliJ: 

mti)^hu:h^mm^^wmm6Lxi>j:i.>. tfc. s 
[0 0 2 0 ] tfc. mm(D I n^mttom^t UX 

I'J. . ^7i:t*>-i57?gfiA^3 7 OnmOTiJ^J:?) 1 nffllS 

ti^fc^. 'i&&<Dx:^.)l^^- (Ea) nGaNO^^' 
>K+>':'7*x;!'>;U+'- (Eg) J:D«>A*<^cO. ?t 

[0 0 2 1] [Ji^ffiott^s;] 

Eg = (l-z) 3. 40+1. 95:t-B;c (1- 
50 z) 



m& (nm) = 1 240/Eg 
Eg: I nGaN#plCD^OF=^^i'-^•7•x;^;^+-- 
;c : I n cDffl^lt 

3. 4 0 (eV) : GaN©/0 H+> ^:^7'x:^;l/^'- 
l. 95 (eV) : I nN©^>'> K+> -^7*x^v;i/:f^ 

SacDW^ri'i. S I MS^feTJ'j:ch'^>6, Umti^^B^^c 

[0 0 2 2 ] [pm^'yy h'Md] :^'^m^Ch^^X. p 

f)K ^tb<^t. AUGat-.N (0<d<0. 4, 0 
SL<(-*0. 15<d<0. 3) <Dh<Di)^mihni>. 

0. 01-0, IbumX'^^. J:0*tSb<l-JO. 0 ■ 

[0023] vm^'yy KJitt, ±iBOJ: ^ 
5o ^HKiiOii^^t^. ±iB<DA l.Gai.dNi, -en 

li^i|5)«{C, I n,Ga,_.N (0^h< 1 ) . Al 1 
Gaa.iN (0^ j < 1. e> j ) 3&5^tf6n^o ^1 

^S-^«li£cDii^ti. 1 0 0:t>^';^ h n- 

A«T. ffSL<ii7 0t>t!7;^Fa-AiyT. cfc^D.^ft 

(D/\^$i^mi)^hu^§^mBmv^^m^. >'^'>F4^> y 

n^-:S'tCp^;Fif$^?:F-7'$itT^>ctl^ tfc. A 

> F+> y'x^^ji'^-oiK^i^MTkWl'^ai^^Momij 
i-cF-7*T^ii^('i. F-7'S{-J|H]-T'4>S?:i-^ Tibet 

[002 4] [ p§y:3>i7^ hl7 ] ±ia<DpS!^fe 50 
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^WCDA 1 GaN€:S^r^c^a^ttl*^^*^.^So 

[002 5] *^??octei^T. passc;n«s 

y^^vmRUpm.::^y^^v mt^m^^^%<oA i ^fli?£ 
[0 0 2 6} ^/c. :^mmm=i'\t. vmrn^prnti^ 

-5, rx-y>i:7'ias<t:urii. Jf#t^m2 54 O 7 9 l 

mit^ F - n/cgffc;^' ^ j^mt^'mw^^& 

fe(±OSSri»JiLii€:m\ p^:^iKJfe:05K-"7'$ti/c 

p 12 ic -r ^ 6 n ^ „ 

[0 02 7] 

[0 02 8 ] [^ssF!) 1 ] m^m 1 ^ 1 (om^m^^- 

{.mm ) ^vrAT (CI®) x^u^mm^. sis 

SfH^OCfel^r^K^^fflm*. 1 0 5 O'CT^ECDi^ u 

[0 0 2 9 ] (/^'•;'77Ji2) ^l^r. 7j<^^Hm^, 
A) S«l±^cGaNJ:^Jg:^^^'7:7TJi2^ 

[0 0 3 0 ] (n§y:3>:$?e7 hJia) >>:iCl 0 5 O'C-C 
TMG, TMA ( F U^^^Jt'TJl/^X'^A) , T>^x 
T. V7> (S i HJ S i ^5 X 1 0^ Vc 

F-7'L/cn§2A 1 o..4Gao.9eNJ:D J'cC^nM:^ 
>i?^F13?:4(/ m<DmmVf&B:$ iiS, 

[0 0 3 1 ] (n§^^^';' Ffi4) ^i^vtCl 0 5 0'C-CT 
MG, TMA. T>'=ex7. >"7>^:fflC\ Si^5x 
1 O^Vcm^ F-7X/cnSA 1 o.,,Gao.sz N J: 0 
^r^n§^^^7 Fii4?:4 0 0 ^>^7';^ h a-AOISiS 

[ 0 0 3 2 ] (St4li5) :'WcM^#Hm*. 7 0 0'C 
-CTMI. TMG, 7>'=t^7?:ffll\ 7>F-7'In 

[0 0 3 3 ] (p§2^7';' F@6) i-X^CTk^^HM*. 
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MG, TMA. 7>*^7, Cp^Mg 
1 X 1 O'Vcm' K-7'L//cA 1 0.2 Gao.sN J: OJi 

[0 0 3 4] ( p§?n>^i^ h)i7) i^t.^r. TMG. 
TMA. T>-^-=-r, Cp,MgT\ Ug^lxiO'^ 
/cm' K-::?'U/£:A 1 o.o4Gap...NJ:Onc^pM=J 

[ 0 0 3 5 ] ^Sfi^Tm. M^^fflm*. »i? x-v'N^rg 

ir^^rt(c*5i^."C. 7 oo'crr-^-- v>^^?rtfi^ p 

Wd&ib. ft±IiCDp§2::3>^ ^ M17 0SStLBfT^<Z) 
?f^:^va)-7 7x^^^$iSL. RIE (5it't4'Y:^->x-;;^> 

[0 0 3 6 } ;S±lgCC*^pjS3>:$?^ 

F-^7^ti(^:^®^C|i)f 2 0 0:t>^:7. hn-ACDN i 
iAu^^tPS7fe140pm@8 -?-(Dpm@8CD±tC 
^J^^r-r >^^fflOAuJ:0 3^j:^P'^^"^;' 1 0=5:0. 

-ttfcn^nv^?^ h)13<D^ffltctiW<f:A 1 ^^tsnM 
ffiQ^jg^Xr^c ^f^^Cp^SSOftE^rfSlit-^/ci^) 

^'7>C:ftx.i:^ 9M{j'C3 5 0 /imftoDL E D^^iT 

[0 0 3 7 ] C£DLED^^='»li:^r^^E2 0mAtC4(5 
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*liT. ^jtk"-:5^-«fi3!?i3 7 0nm?:7nL/. Vf«3. 
8V. tii':;3t3:l. 2mWT'*>^>. HiS^ 1 OLE DcD3fe 

[0 0 3 8 ] 

:3>:>^ HOA UI^tb^Jf^SLTi^jr^A 1 GaNi 

10 37 onmaro^^ihtiomttjimit^^mit 
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